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SECTION VI

INTRODUCTION

SR-T1 aircraft operate in an exceptionally
large Mach and altitude envelope, but the
equivalent airspeed, angle of attack, and load
factor envelope is narrow. Typical takeoff
and landing airspeeds are 210 and 155 knots,
respectively; climbs are at 400 to 450 KEAS,
and normal supersonic cruise is from 310 to
400 XEAS. These alrcraft obtain maximum
cruise perfdrmance near Mach 3.2 at alti-
tudes from 74,000 to 85,000 feet. The exter-
nal configuration, afr inlet system, power
plant, and fuel sequencing are optimized for
Mach 3.20. True airspeeds attained are near
1850 knots. For stability considerations, a
three-axis stability augmentation system
(SAS) is an integral part of the aircraft
control system and is normally used for all
flight conditions. The normal flight charac-
teristics discussed in this section assume
proper SAS operation, uniess specified octher-
wise, and observance of limits specified in
Section V,

CONFIGURATION EFFECTS

External configuration features which affect
flipght characteristics include the delta wing,
fuselage chines and the engine nacelle
location,

Delta Wing

The SR~71 has normal delta wing characteris-
tics., There it a large increase in drag as
limit angle of attack is5 approached. This
deita wing characteristic can cause very high
rates of sink to develop if the aircraflt is
flown too siow, Dihedral effect is positive,
but diminishes at higher Mach. Roll damping
is relatively low over the entire speed range
and lateral-directional gualities are poor with
SAS off.

The outboard portion of the wing's leading
edge has negative conical camber. This
moves the center of lift inboard to relieve
loading on the nacelle carry-through struc-
ture. It also improves the maximum lift
tharacteristics of the ocutboard wing at high

angies of attack, and enhances crosswind
landing capability.

Chines

The SR-71 has a blended forward wing {chine}
which extends from the fuselage nose to the
wing leading edge. This chined forebody is
approximately 40% of the aircraft length.
The chines improve directional stability with
increasing angle of attack at all speeds.
However, their primary purpose is toc provide
a substantial portion of the total lift at high
supersonic speeds and eliminate a need for
canard surfaces or special nose~up trimming
devices,

A large rearward shift in the aerodynamic
center of lift occurs when the aircraft
transitions from subsonic to superscmic fiight.
Without chines, the center of 1ift would shift
aft while in the transomic region and remain
between 40% to 45% mean aerodynamic
chord (MAC) &t all speeds above Mach 1.4, A
large eleven deflection would be required for
trimming, and the resultant drag would be
unacceptable, A  similar shift of the
aercdynamic center occuwrs at transonic
speeds with chines, but the initial
displacement is to a position between 35% to
40% MAC. As Mach increases, the center of
13t moves forward umtil a position slightly
aft of 25% MAC is reached at the design
speed. The result is that the static stability
margin is maintained at desirable Jevels and
trim drag due to elevon position is reduced to
& minimum at design speed. The SAS
provides satisfactory handling qualities.

Automatic fuel tank sequencing shifts the
c.g. aft to approximately 25% MAC while
the fuel in tank ! is being reduced to the
right-hand shut-cff level. This normally
occurs during acceleration to supersonic
cruise and conforms with the aft shift of the
aerodynamic center.

NOTE

Because of chine effectiveness, c.g.
must be moved forward of 25% if
design speed is exceeded, Refer to
Center of Gravity, Section V.

4
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SR-71A-1 SECTION VI
Nacelle Location Relative Wind
The mid-span location of the engines Relative wind is the apparent speed and

minimizes drag and interference effects of
the fuselage. The inboard cant and droop of
the nacelles gives mawimum pressure
recovery at normal angle of attack for high
aititude supersonic cruise, However, the
nacelle location makes the aircraft sensitive
to asymmetric thrust conditions. During
afterburner cruise, match fuel flows to
minimize thrust differences. During subsonic
cruise, match engine EGTs and nozzle
positions {instead of fuel flows} since heat
sink system requiremesnts are an appreciable
portion of indicated fuel flows during non-
afterburning operation.

ANGLE OF ATTACK

le of attack indications range from 8° to
for takeaff {&ependmg on weight and
procedure used), 3° to 5° during climb, and
4° 10 7° during cruise, Angle of attack at
gtimu:m supersonic cruise altitudes is about
to 6% for all gross we:ghts. The indication
is spproxdmately 10.5° during final approach
at recommended airspeeds; although, during
landing approach in gusty conditions, the
indication will cscillate. The indicated angle
of attack is approximately sgual to“the true
angle of attack.

Definitions of Longitudinal Reference Angles

Angle of Attack

Angle of attack is the angle between the
wing chotd plane at the mean aerodynamic
chord and the relative wind. When not
turning, this angle is also equal to the
difference between the pitch angie of the
fuselage reference line (FRL) and the
airplane flight path [mesasured relative to
horizontal) minus 1,27 (the wing angle of
incidence velative to the FRL is 1.2°
negative). See Figure &6~1. The pilot’s
instrument provides wing angle of attack.

direction of air passing the aircraft parallel
to the aircraft flight path. The speed of the
relative wind is equal to the airplane’s true
girspeed,

Flight Path Angle

The flight path angie is the angle between
the relative wind and the horizontal plane. It
can be determined from true airspeed and
rate of climb or descent.

Deck Angle or Pitch Angie

Pitch angle {(deck angle} is the angle between
the fuselage reference line and horizontal. Tt
is associated with, but not necessarily the
same as, the pitch attitude indication. The
attitude instruments would indicate true
pitch angle if set at 0° with the airplane FRL
level (for example, while on the groumd) and
not reset, and if no precession error occurs in
pitch,

Angle of Attack As A Flight Parameter

Lift is a function of airspeed and angle of
attack. Assuming weight does not change
appreciably, the 1ift required for straight and
lavel flight is constant. To maintain straight
and level flightt if KEAS increase, alpha
must decresse; and if KEAS decrease, alpha
must increase, This direct relationship of
angie of attack and KEAS with lift allows
angle of attack to be used in place of
airspeed, if necessary. If the airspesd
systems malfunction and angle of attack
remains, angle of gttack can be held constant
to hold relatively constant equivalent
alrspeed conditions.

HIGH ANGLE OF ATTACK CONDITIONS
In-flight minimum airspeed restrictions and

maximum angle of attack limits are imposed
to prevent approach to pitch-up conditions.
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SECTION V1 SECTION VI
LONGITUDINAL REFERENCE ANGLES
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There is no stall in the classic sense where an WARNING

abrupt loss in lift would occur at a critical
angle of attack. (See Figure 6-2, Lift vs
Angle of Attack. Instead, a nose-up pitching
mwoment develops as angle of attack
increases, which becomes uncontroliable
{even with full nose-down elevon] as the
critical angie of attack boundary is reached.
{$ee Figure 6-3, Subsonic Critical Angle of
Attack Boundary.) An uncontrollable pitch-up
will not occowr untll after limit angle of
attack as given in Section V is reached. The
SAS will tend to maintain apparent stability
about all three axes until pitch-up occurs,
then aircraft control is lost with little or no
warning.

WARNING

Reduce angle of attack and adjust
attitude nose-down if a high angle of
attack wamning occurs or if an alpha
limit is approached. Do not confuse
angle of attack with flight attitude.
A dangercusly high angle of attack
can be reached while flight attitude
is relatively level if the aircraft is
descending or sinking. See Figure
6"'1.

Nose-up pitch trim above zero
indication reduces down elevon
authority. If full forward stick is not
sufficient to control angle of attack
and pitch rate, trim nose down.

At subsonic speeds, engine stalls may occur
when at angles of attack above 10Y, with
more  susceptibility existing while at
sirspesds helow 300 KEAS and altitudes
#bava 25,000 feet. In such a condition, loss
of thrust due to the stalls requires that angle
of attack be reduced immediately and KEAS
increased if pitch-up is to be avoided,

Note that the critical angle of attack for
pitch-up is approximately 18° when subsonic
und at the aft c.g. Hmit of 22%. The critical
angle of attack is slightly higher if at a more
forward c.g. The angle i3 less when
supersonic, and varies with Mach. Center of
gravity aft of the limit materially reduces
the margin between the limit alpha and the
critical angle of attack for pitchwup. When
near the limit angle of attack, recovery from
a rapid noseup pitch rate may not be
poasible.

ot DO
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WING LIFT VS ANGLE OF ATTACK
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SECTION VI

SURBSONIC - CRITICAL ANGLE OF ATTACK BOUNDARY
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WARNING

Uncaontroliable pitch-up occurs at the
critical angle of attack beoundary.
Recovery from this condition is
extremely uanlikely. Attempted
recovery must not be continued to
the point where insufficient altitude
for recovery or ejection exists.

Pitch rates which accompany increasing
angles of attack must be checked and load
factor relieved at a sufficient rate to
increase airspeed when the critical angle of
attack boundary is approached. Recovery
should be controlled by cross-referencing
pitch rate, angle of attack, airspeed, and
attitude,  Alrspeed must be allowed to
increase, but not to extremes, so that
recovery load factors will neither cause limit
angle of attack to recur or impose loads
beyond aliowable values. During subsonic
recovery, use cruise angle of attack as the
basic reference while accelerating to 300-350
KIAS. When pear limit Mach number, it may
be necessary to reduce power and/or increase
drag while recovering so that limit Mach
number is not exceeded while airspeed i3
increasing.

{ WARNING I

Extreme caution s necessary while
turning at altitudes above those for
optimum supersonic a“i”'g Tl%e
angle of attack may exceed 7 to 87,
and any transients caused by
unstarts, increased bank angles, etc.,

may lead to pitch-ap,

SPINS

Intentional spins are prohibited. The
following technique is suggested if an
inadvertent spin occurs; howsver, ejection

may be the best course of action because spin
recovery bas not been demonstrated and is
considered extremely unlikely, At the pilot's
discretion:

SECTION VI

1. Center controls, disengage surface
limiters, and determine the direction of
rotation from the turn indicator.

2. Apply forward stick and full roll contrel
into the direction of spin linto the turn
needle) as the nose drops.

3.  Apply opposite rudder to stop rotation,

4. Center the rudder and roll control as
rotation stops.

5. Start pull-out at 300 to 350 KIAS,

6. K possible, avoid exceeding 450 KIAS
and Hmit load factor during recovery.

WARNING

If uncontrollable, eject at least

15,000 feet above the terrain,

STABILITY CHARACTERISTICS

The augmented (SAS on) dynamic stability is
positive and dynamic damping is essentially
deadbeat. Static gtability is positive when
operating within the c.g. and angie of attack
limijts, Positive static stability continues
when c.g. is somewhat aft of the limit while
at intermediate supersonic speeds {from
Mach 1.2 to at least Mach 2.5.) However, if
the aft c.g. limit is violated while near the
design cruise Mach number, =a static
instability in pitch may result, If pitch rates
are then generated and not arrested within
the angle of attack limit, a pitch-up can
develop and result in structural failure of the
aircraft,

EFFECTS OF C.G. LOCATION

To fully ynderstand the effects of center of
gravity location on longitudinal [light
characteristics, it is necessary to be familiar
with the following terms:
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Static Stability

Static stability is the initial tendency of an
airplane to return to "one-g" {flight after
being disturbed from its trimmed attitude.
An example of a statically stable system is
shown in Figure 6~4. In the example, if the
angle of attack is increased by an upward
gust or outside disturbance, the increased lLift
created causes a nose-down moment about
the center of gravity which tends to return
the airplane to its trimmed angie of attack.

Static Margin

Static margin is the distance between the
asrodynamic center of the aircraft and its
center of gravity. Static margin determines
the degree of static stability of an aircraft,
This margin can be changed by shifting the
center of gravity or by varying the airspeed
to shift the aerodynamic center. Aa static
margin increases, small disturbances from
the trimmed attitude of the aircraft result in
larger restoring motments. As static margin
decreases, stability of the aircraft decreases
aceordingly to a point where an outside
disturbance could cause a divergence (either
up or down} that the pilot could not control.

Pynumic Stahility

Dynamic stability is the tendency of an
airplane to overcome a disturbance from its
trimmed condition, dampen out the resulting
oscillations, and return to its original angle
of attack. The degree of dynamic stability is
indicated by the number of cycles lof
decreasing amplitude) required to dampen the
oscillations. For a system to be dysamically
stable, it must be statically stable. Examples
of a statically stable system depicting
dynamic atability, dynamic neutral stability,
and dynamic instability are shown in Figure
6-8, An example of a statically unstadle
systets showing pure divergence or loss of
control is also ahown,

Effect of C.G. On Control Characteristics

The relation of center of gravity and
aerodynamic center location (static margin)

SR-T1A-1

EXAMPLE OF STATICALLY STABLE
SYSTEM

LEFT DUE TO ANGLE OF ATTACK

ANGLE AERODYNAMIC CENTER

CENTER

OF GRAVIYY ELEVON DRFLECTION
POSITIVE
STATIC
MARGIN BAZANGING AIRLOAD DUE TO

WESGHT ELEVON DERLECTION
Fiqtuiin
Figure 4

determines the static stability of the air-
plane. If the center of gravity is forward of
the aercdynamic center, the airplane has
statie stability. Moving the c.g. further
forward increases static stability. Moving
the c.g. aft decreases atatic margin and de~
creases static stability accordingly. Static
instability results if the center of gravity is
aft of the serodynamic center. SAS oper-
ation tends to ovarcome a small degree of
static instability; however, a disturbance
cvould cause the airplane to diverge beyond
pilot control, even with full application of
contrel stick and pitch trim.

NOTE
Aa the center of gravity moves aft

and static margin decreases, less sle-
von defiection is required to man-

suver, Neutral stability is
approached if the aft c.g. limit is
exceedad,

6-8 “&
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EXAMPLES OF ANGLE OF ATTACK
V5 TIME WITH VARIOUS DYNAMIC
STABILITY CONDITIONS

Staticolly Stable Systems

micatly ynatable

Angle of Attack

Stotically Unstable Systers

[7ipure divergence
‘from trim cond.

Time

Figure 65

The supersonic aft center of gravity limit
insures acceptable SAS-em stability and
handling  qualities commensurate with
pericrmance objectives, At forward center
of gravity locations, large elevon deflections
are required to trim and wmaneuver the

[
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airplane. The center of gravity should be
maintained near the aft cenmter of gravity
limit, when range iz a consideration, to
mimimize elevon deflection and reduce drag,
Normaily, this is accompiished automatically
by the fuel sequencing system,.

Short period longitudinal osciilation means
the relatively short-time pitching motions of
an wirplane after being disturbed in pitch.
With the pitch SAS on, the longitudinal short
period motion is so heavily damped that the
pilot is not aware of any oscillatory motion.
With the pitch SAS turned off, however, a
disturbance of the aircraft results in
oseillatory motion {(nose-up, nose-down, nose~
up) that persists for several cycles before the
wotion subsides (damps out). The effect of
pitch SAS and center of gravity position on
this motion is illustrated by Figure 6-6. Note
that moving the center of gravity forward
shortens the time for each cycle of motion,
and moving the center of pgravity aft
increases the time for each cycle. If the
center of gravity is moved progressively
farther aft, the statiz margin approaches
zero and the time-per-cycle for the short
period oscillation  hecomes increasingly
longer. At zers static marpgin {center of
gravity behind the aft limit), SAS operation
tends to dampen the oscillations and mask
the condition, I the center of gravity is
moved still farther aft {to a negative static
margin) the SAS becomes ineffective and the
ajrplane may exhibit dynmamic inatability
without damping. With extreme aft c.g.
position, the aireraft will exhibit a pure
divergence; that is, the airplane will continue
toe pitch in the same direction at an
increasing rate upon being disturbed from
trim. The pilot can correct pitch motion
using elevon control if the amount of
instability (negative static margin} is small
and if he applies correction coatrol as soon as
be recognizes any divergent pitching motion.
K he allows the motions to become large,
kowever, the pitching moment will exceed
the corrective moment that he can supply
with elavon and loss of control results.
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EXAMPLES OF ANGLE OF ATTACK VS TIME

Effect of Piteh SAS and
C.G. Position on Domping With
Longitudina! Shert Peried Qscillations

Effect of Pitch SAS on Domping

Angle of Attack
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Stability With SAS Off

Aireraft controllability without stability
augmentation has been demonsirated to Mach
3.20. SAS off flight tests have also
demonstrated controllability in climbd and
descent, during inlet unstart at Mach 2.8 and
430 KEAS, during unstart and engine
flameout at Mach 2.5, and during twenty
degree bank turns in beavy turbulence #t low
supersonic and transonic Mach numbers,
However, control with SAS off is sensitive
and control movement should be kept to the
necessary minimum, Thrust asymmetry
showid” be minimized, particularly at high
Mach., Sustained cruise or maneuvering
without pitch and wyaw SAS §5  not
recommended near design speed. Refer to
Stability Augmentation System, Section HI.

Pitch Stability at High Speeds

At cruise Mach, the pitch stability f= only
slightly positive and disturbances are oniy
lightly damped. Sudden loss of all pitch SAS
while maneuvering causes a pitch transiemt
that momentarily increases the load factor
for the same stick position.

Yaw Stability

SAS-off yaw stability varies from positive to
very slowly divergent. Response of the
automatic air inlet system to yaw oscillation
has a propounced effect on directional
motion.  Unless controlled by the pilot,
phasing of the spikes and forward bypass
doors may aither drive or damp the yvaw
oscillations,

Single-Engine Operation - Low Speeda

The yawing moment from asymmetric thrust
iy large if an engine fails just after takeoff or
a single-engine go-around is necessary.
Approximately 2/3 to fuil rudder defiection
and 10 degress {or more) bank into the good
engine ia necessary to maintain controi
imimediately after loss of power. Drag can
then be minimized by reducing pedal force

SECTION VI

and trimming to 7° to 9° rudder position
indication, while using bank and aidesiip
toward the operating engine to maintain the
desired flight path. The 5AS automatically
responds with corrective control at the time
of engine failure or go-around power
application, and its response rate is faster
than pilot reaction time. However, rudder
control follow-up by the pilot is necessary as
the yvaw SAS anthority is limited to 8 degrees
rudder deflection. The SAS continues to
apply rudder deflection as long as a sideslip is
maintained, but this deflection is not
indicated by pedal position or by the rudder
trim indicator.

Single—Engine Operation - Subsonic Speeds

The rudder deflection required during single-
engine operation decreases as airspesd
increases, Dauring single-engine cruise at 0.5
to 0.85 Mach number, the aircraft can
maintain course with surface limiters
engaged, Optimum rudder deflections are
maintained by the SAS without using rudder
trim when bank and sideslip toward the
operating sngine are used to maintain course.
The bank angles required approach 10°.

- ation ~ h

Above Mach 2.8, engine failure or inlet
unstart may require vaw axis stability
augmentation to avoid excessive sideslip and
bank angles which couid cause the other inlet
to unstart. Inlet unstarts while at 450 KEAS
and maximum power are quite severe. In
these cases, unassisted pilot reaction is toe
siow to provide all the control immediately
required, Pilot follow-up is necessary after
the initial SAS corrections.

NOTE

Before retarding the throttle to
shutdown an engine, be careful to
properly identify the side with the
malfumction. There have been cases
where an operating engine was shut-
down,

6-11
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SECTION V1

NORMAL OPERATING CHARACTERISTICS

See Appendix I for performance information.
TAREOFF

The aircraft accelerates rapidily to rotation
speed once maximum thrust s set during
takeoff, The nosewheel can be lifted 50 to
60 knots below takeoff speed, but this is not
advised because the drag that is created
decreases the acceleration and extends the
takeoff run. With zero degrees pitch trim, a
stick force of approximately 25 pounds is
required to lift the nosewheel at rotation
speed. Stick force must be relaxed during
rotation to check the nose-up pitch rate.
Forward stick may be necessary if a high rate
of rotation is developed or if c.g. is aft of
22%. During wmaximum performance
takeoffs, speed amd sttitude must be
monitored carefully to aveid overrotating and
striking the tail.

CLIMB

Normal climbs to supersonic cruise speeds
involve three phases of operation: a subsonic
climb, a transonic acceleration to the
supersonic climb schedule, and a supersonic
climbing acceleration. Subsonic climd is
normal except that a light airframe buffet
may be felt near 0.9 Mach number as airflow
conditions near the tertiary doors and ejector
flap areas change.

Tranmmic Hon

A Mach jump on the TDI occurs between
Mach 0.98 and 1.03 during transition to the
supersonic climb schedule, There is an area
of decreased excess thrust from Mach L.05 to
Mach }.}5. A descent technique is used to
improve acceleration through this speed
range. The transition should be made without
other maneuvering, if possible, as even
shallow turns increase drag sufficiently to
decrease acceleration and increase fuel
consumnption considerably. A noticeable
increase in acceleration occurs after passing
Mach 1.15. The pull-up to establish climb

attitude should be started in sufficient time
to prevent overshooting climb speed.

Supersmmic Overation

The superaonic climb is initiated when climbd
airspeed is established at approximately
30,000 feet. Maintain the schedule accur-
ately to achieve best climb performance.
Avoid speeds above the climb schedule be-
cause limit airspeed can be inadvertently
approached quickly.

Pitch Axis Stability In Climb

The aircraft does not respond immediately to
swall pitch commands. This characteristic
makes precise airspeed control difficult. If
sigmificant overspeed occurs, reduce power
until climd speed can be reestablished rather
than pull up sharply and impose load factors.

Pitch Trim

A continusl variation in nose-up trim is
required during the acceleration to cruise
speed, with the 400 KEAS schedule requiring
more trits than the normal 450 KEAS
schedule, The variztion of eleven angle and
pitch trim indication for the trimmed con-
dition is illustrated by Figure 67 for c.g.
positions of 22% and 25%. The figure also
shows the wvariation of trim required with
airspead and the eifect of weight decrease
during cruise when operating near the aft c.g.
Hmits,

Inlet Operation

Occasional periods of inlet roughness may be
encountersd between Mach 2.5 and 2.8. It
tray alss be encountered at climb speeds
above Mach 3.0 if the forward bypass is hard
closed. The roughness normally diminishes at
cruising altitudes with equivalent airspeed
raduced frotn the climb speed schedule.
However, during cold operation, some rough-
ness may continue if the forward bypass is
hard closed {i.s., no modulation of the bypass
position occurs) sc that the inlet normal
shock is positioned aft of the desgired
location,

-
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Lavei Off

Ideaily, the transition to cruise altitude and
speed would be accomplished at constant
Mach number with power being reduced upon
reaching the initial cruise altitude, In
practice, however, this usually resaits in a
pronounced altitude overshoot and subsequent
difficulty in stabillzing at the desired cruise
condition. The following describes three
distinct level off situations,

Cruise Mach and Altitnde Attained
Simultaneously

For the maximwmn range cruise proflie, the
initial cruising altitude iz close to the
altitude at which the cruise Mach is attained
using the normal  climb  procedure.
Stabilization at the desired altitude s
expedited by reducing power to
approximately 3/4 of the afterburner throttle
range and by decreasing the climbd angle
slightly when 0.10 to 0.05 Mach below the
desired cruise speed. Then adjuat pitch
attitude so that Mach increases slowly to the
desired wvalue, while the rate of clmb
decreases to arrive at the cruise Mach and
altitude simultanecusly. At the desired
crutse speed and altitude, reduce power to
the estimated initial fuel flow setting, and
make amall adjustments in both pitch
attitude and power setting until cryise is
stabilized,

Intermediate to High Altitude Cruise

When the initial cruise altitude is above the
altitude at which cruise Mach is attained
uging normai clitob procedure, use a constant
Mach climb to crulse altitude. Increase the
clinb angle to decrease the rate of
acceleration when 0.10 to 0.05 Mach below
the desirad <ruise Mach and continue
¢limbing toward the desired altitude. U
accelerstion rate iz still excessive when
approaching the desired speed, momentarily
retard the throttles slightly to break the
rate. With Mach stable, begin reducing climb
angle when approximately 1000 to 2000 feet
below the desired level-off altitude. Reduce
power to maintzin Mach, and slowly reduce

iy
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the rate of climb as the desired cruise
altitude is reached. Maintain Mach by power
adjustments, Make small adjustments in pitch

attitude and power setting until stabilized at
cruise,

Level Off from Reduced KEAS Climb

Level-off altitude may be reached before the
desired Mach is attained when climbing at
400 KEAS prior to cruise at 2.8 or 3.0 Mach.
In this case {when airspeeds above 400 XEAS
are permissible) reduce the climb angle to
allow a gradual transition to level flight when
approximately 1000 to 2000 fept dbelow the
level-off altitude. Mach and airspeed will
increase more rapidly than during the
previous portion of the climd, When
approximately 0.03 Mach below the desired
crulse speed, retard the throttles o the
estimated initial fuel flow setting, Make
small adjustments in pitch attitude and power
setting to stabilize at the cruise condition.
Mach number is quite respopsive to throttle
adjustment,

CRUISE

Supersonic cruising requires an awareness of
high altitude techniques,

Types of Cruise Profiles

Cruise profile parameters are: desired Mach,
aircraft weight {fuel remaining), and ambient
temperature {CIT}, The following definitions
categorize several types of profiles.

a. Minimum  afterburner cruise - This
profile vieids the lowest cruise altitude
for the Mach scheduled, and usually
results in jess than maximum range.

b, Maximum range {optimum) cruise - This
profile yields maximum range for the
Mach specified. Power settings used are
in the lower portion of the afterburner
range.

c. Intermediate altitude cruise « This
profile yields altitude schedules below
the maximum altitude cruise profile, but

Change 1 6-13
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SECTION V1

CHARACTERISTIC PITCH TRIM INDICATIONS

VARIATION OF TRIM WITH MACH NUMBER.400 AND 4350 KEAS
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above the maximum range profile,
Specific range is less than optimum, but
reasonably efficient.

d. Maximum altitude cruise - This profile
resuits in altitudes approximately 1000
feet below the wmaximum afterburner
ceiling for the Mach specified.

e. Maximum afterburner ceiling - This
profile requires continuous operation at
maximum afterburner and the Mach
specified.

These profiles empioy a cruise climb that
requires a gradual but continuous increase in
altitude as fuel is consumed. As altitude
increases during constant Mach cruise, KEAS
decreases., For a given profile, gross weight
and  ambient temperature (ambient
temperature and Mach influence CIT)
determine the desired altitude for cruise at
constant Mach number.

NOTE

Do not allow airspeed to decrease
below 310 KEAS in cruise climb. See
Limit Speed and Altitude Eavelope,
Section V.

Refer to Figuwre 6~8 for a summary of
maximum range and ceiling altitudes for
various Mach numbers, gross weights, and
ambient temperatures.

Mach, KEAS, Altitude Relationship

The selection of vaiues for any two of the
Machk, KEAS, or altitude variables
automatically defines the value of the thied,
regardless of ambient temperature. For
instance, if ¢ruise is scheduled for Mach 3.0
and the desired initial cruise altitude is
72,000 feet, the KEAS must be 396 knots.

Effects of Changing Air Temperatures

Because of the high true airspeed at cruise,
ambient air temperature may change
abruptly as different air masses are
encountered. Initially, if a constant altitude

s
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is maintained, flight into a warmer air mass
will cause a decrease in Mach and KEAS, and
the true zirspeed {TAS) and compressor inlet
temperature (CIF) will remain comstant. A
higher TAS and CIT will resuit az the desired
Mach is reestablished. The opposite would
occur as a result of flying into a coider air
mass, New cruise altitudes or speeds may be
required to compensate for effects of
variations in ambient air temperature,

Effect Of Mach Number

For any given gross weight and ambient
temperature, the ailtitudes for maximum
range and maximum aliitude cruise profiles
increase with Mach, This increase is
approximately 1000 feet per 0.05 Mach
number. A related characteristic is that if
Mach increases slightly above that desired
and the throttles are not retarded, excess
thrust increases. It is easy to exceed target
Mach inadvertently.

MAXIMUM RANGE (OPTIMUM} CRUISE-
PROFILE

At high Mach, the maximum range (optimum)
profile is a4 continuous cruise climb at
substantially constant angle of attack with
the throttles in the afterburner range
(approximately 1/3 forward of the minimum
afterburner stop), Relatively high KEAS are
required when zt heavy weight., It may be
necessary to fly this profile at a constant
altitude for a2 short period, slightly higher
than the altitude for best specific range, to
maintain KEAS at or below the KEAS bieed
schedule. In this case, the initial cruise
altitude remains above the optimum until
gross weight is reduced sufficiently to {iy the
cruise climb profile,

NORMAIL. AND STEEP TURNS

Constant altitude turns of up to 35° of bank
can normally be made at optimum cruise
altitudes by increasing thrust. Angle of
attack and required fuel flow increase
approximately in proportion to load factor.
It is more desirable from an operational
standpoint to make constant altitude tuens
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MAXIMUM RANGE AND CEILING ALTITUDES
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than te maintain constant throttle setting
and descend after roll in. It is slightly more
economical to allow altitude to decrease
while turning, maintaining constant power
setting and Mach number during the turn;
however, the difference in overall range due
to technigue is negligible. Put there is
always a range loss associated with turning,
using either technigque, of approximately 2.5
miles per 10° of turn when using normal Yank
angles, It may not be possible to maintain
the cruise altitude schedule during steep
turns {more than 35%). Whenever the aircraft
is power limited in a turm, it is better to lose
altitude to maintain Mach than to lose Mach
and maintain altitude., An altitude loss below
the maximum range cruise schedule shonld be
anticipated for 45° bank-angle turns. A
greater loss in altitude may be required for
turns on hot days. Refer to Parts V and VI of
the Performance Data Appendix.

NOTE

During descending twrns, KEAS must
not be allowed to inerease above the
limit value for the Mach number.
Lower bank angles (with increased
turn radius} are necessary if  the
masimum KEAS/minimum altitude
schedule can fot be maintained by
use of power.

Bank angles of up to 45° may be wsed with
the roll autopilot AUTO NAV engaged. Bank
angles of 45° are not recommended during
climb, except as an operational necessity,
due to the reduction in climb performance.

Dihedral Effect At High Speed

A characteristic difference in dihedral effect
betwesn the SR-T1A and the SR-T1B aircraft
exists at low angles of attack, above Mach
2.8. The SR-7T1A aircraft exhibit a normal
{positive} dihedral effect; that is, a right yaw
produces right roll. Because of the ventral
fins, the trainer exhibits a negative dihedral
effect; that is, a right yaw produces left roil.

6-18

Flevon Positioning In Supersonic Turns

Figure 6~9 illustrates typical elevon positions
required to mainta;n wings level and bank
angles of 32° and 42% at speeds above Mach
2.75. Data are provided for airspeeds of 350
and 400 KEAS and c.g. conditions aft of 24%
while at 90,000 pounds gross weight. Trends
for other airspeeds and weights can be
determined from Figure é~7. Note that nose-
up elevon positions are always required when
operating within the normal c<.g. range.
Noae-down positions could accur with ¢.g. aft
of the supersonic limit of 25%. Approximate
elevon positions are provided by the pitch
trim indicator in the cockpit when the
auntopiiot is engaged and the aircraft is in
nonturning 1-g flight. The same indications
are obtained when flying manually with the
aircraft trimmed to zero stick force (hands-
off trim) with wings level. 32° and 42° lines
show elevon positions for turns at these bank
angles. Note that the control deflection
adjustments are relatively small, usually less
than one degree. Also note that a reduction
in nose-up defiection iz typical when near the
limit Mach and that nose-down deflection is
required if c.g. is aft of the limit. These
changes in elevon deflecticn are not
reflected by the pitch trim indication while
turning, because of the manner in which trim
position indications are affected by operation
of the SAS.

Effect of Lagped Yaw Rate (LYR)} on Piteh
Treirm: Indications

The piteh trim indicator shows the additive
effects of manual trimming and Mach Trim
system inputs before antopilot emgagement,
and the effect of trim inputs due to operation
of the autopilot. The trim gage can not
reflect contrci system input signals which
result from SAS activity; therefore, the trim
gage indication can not represent trimmed
elevon positions while in turns. The pitch
SAS introduces a nose~-down elevon deflection
signal to counter the steady state pitch-up
rate sensed when the aircraft is in a pull~up

ey
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or a turn. Without LYR all of the additional
trimming necessary to overcome the pitch
SAS input in turns must be accomplished by
the pitch autopilot or by the pilot through
trim and/oer controb stick adjustments. With
the autopilot in control, or when the pilot
manually trims out stick force, the pitch trim
indicator shows the net requirement needed
to overcome the SAS activity and to position
the elevons for the desired turn. Figure 6~10
shows typical trim indications for trimmed
flight with LYR (roll autopilot on} and
without LYR {roll aut%pilot off} for wings-
level and at 32V and 42° bank angles. Flight
conditions of weight, Mach, and airspeed are
the same as for Figure 6-9.

With LYR, pitek trim values in turns are as
much as 2.3 degrees lower than for the same
flight conditions without LYR. This occurs
because the LYR signal, which is derived
from bank angle and the sustained yaw rate
sensed by the SAS in a turn, is applied as a
nose—up signal to oppose the nose-down signal
obtained from the sustained pitch rate sensed
by the SAS in a turn, The trim requirements
in a twn are reduced by an amount which
equals the control signal provided by the
LYR, and Figure 6~10 illustrates how the
nose-up indicated trim change is smaller than
without the LYR. Without LYR the amount
of uptrimming required by the pitch autopilot
in a turp would increase and could exceed
autopilot pitch authority (2.3 degrees § e}
until the slow trim motor could trim out the
difference. In some cases with LYR, the
indicated trimm change from the wings-level
condition is aimost nil or slightly nose-~down,
Normal trim positions should reappear on roll
ot at the conciusion of a turn,

MAXIMUM AFTERBURNER CEILING
PROFILE

In the Mach .8 to 3.2 range, the maximum
afterburper ceiling profile is 4000 to 5000
feet above the altitude schedule for
maximum range, The pilot maintains this

SECTION VI

schedule primarily by small pitch adjustments
after the vprofile is established. The
maximuns altitude cruise profile (1000 feet
lower) is recommended except where
maximum altitude is essential,

MAXIMUM ALTTTUDE CRUISE PROFILE

The maximum altitude cruise profile is 1000
feet below the mawimum afterburner ceiling.
Continous wuse of maximum afterburner
should not be required.

Effect of Mach Decreagse

The Mach must not decrease appreciably
below the desired cruise Mach, A small
decrease in Mach at constant aititude will
cause the aircraft to intercept the maximum
afterhurner ceiling for that speed and
become thrust limited. A descent of several
thousand feet may be required to reestablish
the desired Mach.

Tirn Restricticas

NOTE

Turns must be anticipated when
flying near maximum altitudes. A
descent of approximately 2000 feet
should be completed prior to turn

entry.

Use of the maximum altitude cruise and
maximum afterburning ceiling profiles is re-~
stricted to nonturning flight. If 35° bank
turns  are attempted at these altitude
schedules, the angle of attack will exceed 8°.
Inlet angle of attack biasing will cause com~
pressor inlet pressure to decrease as much as
2 to 3 psi,

Due allowances must be made for the
expected altitude loss if maximum power will
n¢t be sufficient io maintain level flight.
Refer to Figure 6-8 and the Performance
Data Appendix, Parts V and Vi,
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When scheduling turns requiring 42° bank
angle at speeds above Mach 3.0, the initial
weight must be such that the aircraft can
stabilize at least 2500 feet above the altitude
at which 400 KEAS would be intercepted.
Turns at this bank angle must not be planned
for such heavy weights that altitude loss
would result in exceeding 400 XKEAS. In such
cases, select a turning radius which Eequires
less bank angle. When planning 42 bank~
angie turns at speeds above Mach 3.1, it is
also recommended that a distance allowance
be included for a descent of 2500 to 3000
feet helow the maximum range altitude to be
completed and level off accomplished before
starting the twn. Maximum thrust may aot
be sufficient to maintain the maximum range
cruise altitude schedule at such high bank
angles. The specific range curves in Part V,
and the Maximum A/B Constant
Mach/Altitude Turn Capability curves in Part
VI of the Performance Data Appendix can be
used for predicting turning performance and
for planning the {light profile required before
turn entry.

HIGH ALTITUDE TURN TECHNK)UE

NOTE

Heavy weight turns at maximum
cruise speed should be avoided (if
possible} by preflight planning or by
twrning during the climb, before
reaching cruise altitude., Bank-angle
turns of 45° are not recommended
during climb except as an operational
necessity.

Anticipate turns cruise at the
maximum abtitude cruise profile or higher,
and deacend approximately 2000 feet befare
reaching the turn point., Use minimum A/B,
{or a power setting slightly higher, if exhaust
nozzle instability is encountered at minimum
AfB) when at maximum altitudes. Maintain
cruise Mach during the descent, and reset
level-flight power before turning. Advance
the throttles slowly to maximum afterburmner,

2
!-?1 A1

either after the bank i{s established or as the
turn is entered, considering:

1. A nose-up piteh rate develops during the
roll in, Setting maximum afterburner
power during the roll in could aggravate
control problems if an unstart occurs.

2. A delay in advancing power increases the
possibility of altitude loss, but reduces
the problem of attitude control i an
unstart occurs.

NOTE

Anticipate & slight increase in
indicated TDI Mach as the aircraft
rolls into the twn, This does not
reflect an actual increase in speed or
a2 need for immediate correction. It
is characteristic of the airapeed

system at high speed.

Maintain Mach, wusing pitch attitude
adjustment, when turning with maximum
afterburner.

WARNING

Do not make abrupt pitch attitude
changes while turning.

Maxizoum power may also be required to
maintain Mach during level turns at the
maximum range altitude schedule when using
high bank angles, Refer to the Turg
Restrictions paragraph for turns above 35
when at the maximum rangs altitude.

NOTE

Use of the pitch autopilot with Mach
Hold off is recommended for high
altitude turns. Use the pitch trim
adjustment wheel o control attitude,
but do not make abrupt pitch
changes,

The pitch mt%pﬂot can be used with bank
angles up to 45 at all speeds.

i IRz |
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DESCENY

Descent characteristics are not unusual ex-
cept for the wariation in flight path angle
encountered during the supersonic decelera-
tion. For start of descent, either a constant
aititude deceleration is made to 365 KEAS or
a constant Mach number descent is made
until 350 to 365 KEAS is intercepted. The
choice depends ot whether airspeed is above
‘or below 350 to 365 KEAS at end of cruise.
Then 365 KEAS is maintained. When 350
KEAS is intercepted near Mach 3.2 with
military power, the angle of descent is ap-
proximately 1°., As speed is reduced and
power reduced to near idle thrust, the de-
scent angle increases untii over 7° is reached
just above Mach 1.0,

AIR REFUELING

Air refueling with the flying boom system of
the KC-10 or KC~135 tankers poses no prob-
lem of compatability and is normally ac-
complished between 25,000 and 30,000 feet.
The aircraft provides a stable platform with
the SAS on. Without afterburning, the air-
craft may become power limited at the
higher refueling altitudes before a maximum
onlcad can be completed. This requires using
either a toboggan technique or completing
the refueling with one afterburner on.

Forward visibility in the observation and pre-
contact positions is excellent, but upward,
lower, and aft wisibility is restricted. Ren~
dezvous is easiest from a slightly low position
with the tanker within 60° either side of the
nose. The pilot's refueling visibility is optim-
ized by lowering his seat prior to contact.
Depth perception through the vee windshield
is slightly impaired, and some pilots prefer to
use one side of the windshield during ¢ontact.

A slight buffet will be felt as the contact
position is reached. This is tanker downwash
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and has no effect on the receiver except for
a slight decelerating effect. Acceleration
response of the engines is excellent and air-
craft drag at refueling speeds produces good
deceleration response.

Avoid overcontrolling the engines, while
gaining and holding position, due t¢ =non-
linearity of throttle position vs engine thrust.
A given throttle angle change near military
power vields wmore thrust change than a
sitnilar. change in the throttle midrange,

The aircraft may become power limited, if
the afterburner-on technique is not used, and
tobogganing descents of up to 1000 feet per
minute can be requested as the military
power throttle position is approached, Asym-
metric thrust is easily controlled with one
afterburner on.

Turbulence encountered while in contact
poses no particular problem with SAS oper~
ating normally and shallow turns can be made
without difficulty. However, if all pitch SAS
is inoperative, refueling is not recommended
except in an emergency. The ajrcraft is
poorly damped without any pitch SAS, but
contrel can be maintained under favorabie
conditions with a forward c.g.

After disconmect, movement relative to the
tanker should be rearward and slightly down~
ward with wings level. This insures a straight
line foree separation of the boom from the
receptacle,

During night refueling, added caution and
effort is required to avoid overshoot, and the
tendency toward throttle overcontrol while in
contact increases.

The angle of attack is approximately 3° for a

lightwei%n hookup and increases to approxi-
mately 6~ for full tanks.
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APPROACEH AND LANDING

Handling characteristics during approach and
landing with SAS operative are good. Short
period disturbances are well damped, and
available rcll rates are adequate. The air
craft can be held off the runway to speeds
much lower than recommended landing spead,
Normal touchdown angle of attack iz from
10° to 12°, There is a risk of damage to the
aft fuselage if the touchdown angle of attack
exceeds 14°,

Normally the aircraft is flown directly to
touchdown rather than attempting to hold
just off the runway with subsequent settling
at too high an attitude. Prompt chute de-
ployment will result in momentary deceler-
ation loads of about 1/2 g. The chute should
not be deployed in the air because of the
riapid deceleration and rate of sink that could
develop, but it can be actuated before nose~
whee! contact without any unusual pitching
tendencies. During crosswind landings,

et

however, chute deployment should be delayed
until the nosewheel is on the runway and
steering engaged. Refer to Crosswind
Landing, Section Il and Landing Gear Limits,
Section V,

The initial icads which occur when the drag
chute deploys are illustrated by Figure 6-11.
Note that approximately 1/2 g initial decel~
eration can be expected at deployment
speeds for normaj landings. The initial shock
catn be much greater during high-speed de-
ployments at lght to moderate weights. The
load at which the drag chute attachment link
is designed to fail is 110,000 pounds,

Practice landings with pitch and/or vaw SAS
off are not permitted, The roll SAS may be
disengaged prior to simulated and actual
single-engine landings., Control during emer
geney landings with all pitch SAS off is
increasingly more difficult if c.g. approaches
ar exceeds the aft Hmit.
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INITIAL DECELERATION VS CHUTE DEPLOY SPEED
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